Apparent Resistivity Calculation Method of the Wide-area, Multi-component Transient Electromagnetic Field  by Guo, Wenbo et al.
 Procedia Earth and Planetary Science  3 ( 2011 )  113 – 122 
doi: 10.1016/j.proeps.2011.09.072 
Available online at www.sciencedirect.com
2011 Xican International Conference on Fine Geological Exploration and Groundwater 
& Gas Hazards Control in Coal Mines
Apparent Resistivity Calculation Method of the Wide-area, 
Multi-component Transient Electromagnetic Field 
 
 Wenbo Guo a,c*,  Xiu Lib,  Yin’ai Liuc,  Zhipeng Qib 
a Electronic & Information Engineering, Xi'an Jiaotong University, Xi’an 710049, China        
b College of Geology Engineering and Geometrics, Chang'an University, Xi’an 710054, China 
c Geophysical & Geochemical Exploration Team, Bureau of Geology for Non-ferrous Metals in Northwest China, Xi’an 710068, China. 
Abstract 
From the transient electromagnetic vector field theory, this paper analyzed the mathematics characteristic of the 
transient electromagnetic vector field nuclear function. By analyzing, we know that the function forms of vertical and 
horizontal components of electromagnetic field at non-central points are similar to the function form of the central 
vertical component. So using curve fitting method, the polynomial mathematical expressions of vertical and 
horizontal components of electromagnetic field at non-central points can be received. Then, through the analysis of 
the transient electromagnetic early and late conditions, the paper deduced the apparent resistivity expression of 
vertical and horizontal components of electromagnetic field at non-central points. Through the array field observation 
method, vertical component and horizontal component can be synthesized to total vector, which enriched the transient 
electromagnetic detection observation technology and explain theory. A lot of the theoretical model calculation 
verifies that the method is correct and effective. 
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1. Introduction 
The transient electromagnetic method is a kind of time domain method of electromagnetic exploration. 
Due to its high efficiency and it can directly measuring the second field and other advantages, the TEM 
method applied in geophysical exploration more and more widely [1-4]. Today, most people only 
acquisition vertical component and analyze the response character. On one hand, due to the limitation of 
the instrument, on another hand, because easily affected by noise and other characteristics, research 
scholar of studying horizontal component is few. So, the research is still not deep enough. Because the 
horizontal component can provide some only through the vertical component can't get about geologic 
information, studying the horizontal component response characteristics is necessary, and with the vertical 
component of comprehensive analysis will be more meaningful [5]. 
2. Basic theory 
2.1 The expansion of the wide area, multi-component field 
From the basic theory of electromagnetic field, transient electromagnetic each component of the 
frequency domain response, excited by a large loop in homogenous half space, under cylindrical 
coordinate system can be deduced as [6-8]:     
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Where, Hz presents the vertical component of TEM˗Hr presents the horizontal component of TEM˗
I0 presents the transmitter current; R is the side length of transmitter coil; 
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For the central point, 0r  , according to the particularity of Bessel function, J0(0) = 1 and J1(0) = 0, 
so horizontal component is zero. Through two special integral (Sommerfeld integral and Lipschitz 
integral), the vertical component can be simplified as: 
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The integral kernel function of vertical component at non-central points is: 
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where 1
2
uO
O
 is complex variable function,    rJRJ OO 01  is real function, so f (Ȝ) also is complex 
variable function. 
Fig.1 (a) is the integral kernel function real part function diagram of the vertical component at 
non-central points. Fig.1 (b) is the integral kernel function imaginary part function diagram of the vertical 
component at non-central points.  
From fig.1, the real part function diagram of f (Ȝ) has the characteristics such as high oscillation 
frequency, almost no energy attenuation. For this kind of function, it is difficult to integral calculation in 
[0,Ğ). The imaginary part function diagram of f (Ȝ) has the characteristics of single-peak and quickly 
attenuation. Therefore it is easy to integral calculation for the imaginary part function. 
The integral kernel function of horizontal component at non-central points is: 
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Fig.1  (a) the real part function diagram of f (Ȝ)   (b) the imaginary part function diagram of f (Ȝ) 
The function attribute of  g (Ȝ) and  f (Ȝ) is similar. 1
1
u
u
O
O
is complex variable function, 
   rJRJ OO 01  is real function, so  g (Ȝ) is complex variable function. 
Fig.2 (a) is the integral kernel function real part function diagram of the horizontal component at 
non-central points. Fig.2 (b) is the integral kernel function imaginary part function diagram of the 
horizontal component at non-central points. 
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      Fig.2  (a) the real part function diagram of g (Ȝ)  (b) the imaginary part function diagram of g (Ȝ) 
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It can be seen from Fig.2 (a) that the real part function of g (Ȝ) has the characteristics such as high 
oscillation frequency, almost no energy attenuation and it is hard to calculate the integral in interval [0,Ğ), 
which is the same with the real part function of f (Ȝ). It also can be got from Fig.2 (b) that the imaginary 
part function of the horizontal component g (Ȝ) attenuates to zero quickly, and it is easy to calculate the 
integral of this kind of slightly oscillation. 
According to the analysis of nature of the Bessel function and magnetic field component kernel 
function, when the integrand is Double Bessel function, firstly it should be to find out the zero points of 
integrand. Then it can do integral calculation in each zero point interval using adaptive Simpson integral 
method. It can avoid the oscillation of the integrand, and ensure the calculation precision [9,10]. 
The frequency response of vertical component and horizontal component can be got from numerical 
integral. It can be found that frequency response of each component in different offset and the vertical 
component of central point has similar function form and nature. So each component of non-central point 
can be expressed as polynomial form similar with central point, which is shown as below: 
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where 
ˆ
zH is fitting function of vertical component, is fitting function of horizontal component, 
C0, C1, C2 and C3 are fitting polynomial coefficients of horizontal component. 

rH
The polynomial coefficients of each component in different offset can be calculated using least square 
method. Basing on this method, the polynomial coefficients of vertical component and horizontal 
component in different offset can be obtained and shown below: 
 
Table 1 Polynomial coefficients of vertical component in different offset in large loop 
r(m) cz0 cz1 cz2 cz3 
1 2.9986764 -2.99867648 -2.9986766 -0.9994712 
3 3.0074970 -3.0074970 -3.00749558 -1.0036697 
5 3.02358198 -3.02358 -3.02357757 -1.01139504 
7 3.047408484 -3.047408522 -3.047399635 -1.022861738 
9 3.079015809 -3.079015873 -3.079001037 -1.038097974 
…… 
45 3.862334112 -3.862335357 -3.862049473 -1.509118498 
 
Table 2 Polynomial coefficients of horizontal component in different offset in large loop 
r(m) cr0 cr1 cr2 cr3 
5 -7.9725952 E-02 7.9725877 E-02 7.9743062 E-02 1.3398733 E-02 
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7 -1.14530356 E-01 1.14530252 E-01 1.14553978 E-01 1.9999072 E-02 
9 -1.52935467 E-01 1.52935337 E-01 1.52965182 E-01 2.8141315 E-02 
11 -1.96048794 E-01 1.9604864 E-01 1.9608405 E-01 3.8299594 E-02 
…… 
45 -4.087081122 4.087082361 4.086797282 1.593250848 
 
Then, according to Fourier transformation, time domain response value of vertical component and 
horizontal component can be calculated: 
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2.2. Apparent resistivity definition of wide-area, multi-component field 
Through the Fourier transform, the time domain expression of each component of TEM has been 
obtained. Then it is easy to establish the function relationship of the time domain component and the 
apparent resistivity. The apparent resistivity definition formula about each component of TEM sounding 
can be deduced finally [11-13].   
Let u >> 1,  (
2 1RS W !! )ˈt must be very small at this time. It means in the early stage of transient 
field. Now ĳ (u) tends to 1, then f (u) ė Cz0, formula (8) can be approximated as: 
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Therefore the apparent resistivity expression in early stage of vertical component at non-central points 
in large loop can be obtained: 
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The apparent resistivity expression in early stage of horizontal component at non-central points in large 
loop can also be obtained in this way: 
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Let u >> 1, (
2 1RS W  ), it is in the late stage of transient field. The apparent resistivity expression in 
late stage of vertical component at non-central points in large loop can be deduced by expanding the 
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probability integral  uM , function 
2
2
u
e  with Taylor formula and substituting the expansion 
equation into the time domain response expression. 
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The apparent resistivity expression in late stage of horizontal component at non-central points in large 
loop can also be obtained in this way: 
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To verify the algorithm above, the forward modeling calculation of different type of theoretical model 
will be done below. 
Model 
Constructing the layered theoretical model for the forward modeling, using the apparent resistivity 
definition formula above, the apparent resistivity curves of horizontal component at different offsets can 
be got. The work device is large loop. Transmitter length is 100m, offset is 10m, dot pitch is 10m. The 
survey line is the center line of the loop. Model parameters are: 
D:  ȡ1 = 100ȍ.m,  ȡ2 = 10ȍ.m,  h1=80m; 
G:  ȡ1 = 10ȍ.m,  ȡ2 = 100ȍ.m,  h1=80m; 
H:  ȡ1 = 100ȍ.m,  ȡ2 = 10ȍ.m,  ȡ3 = 100ȍ.m , h1=80m, h2=50m. 
 
 
Fig3  The apparent resistivity curve of the horizontal component about D, G and H 
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3. Model calculation 
3.1. Single abnormal body model 
Firstly the 3 D cube model will be built in homogenous half space. The resistivity of the homogenous 
half space is ȡ = 75ȍ.m. The abnormal body is a cube with dimensions 50m×50m×50m, its resistivity is ȡ 
= 1ȍ.m. The top of the cube is 30m below the ground. The model scheme shows Fig.4, Overhead view is 
shown in Fig.5. 
               
Fig.4  Model scheme                          Fig.5   Overhead view 
The observation profile in Fig.5 is the principal section crossing the center of the abnormal body. “×” 
presents the position of the observation point. Dot pitch is 5m. There are 21 observation points in a line. 
The work device is large loop with the dimension 100m×100m. 
Through forward modeling calculation, the attenuation voltage of the magnetic vertical component and 
horizontal component of each observation point can be obtained in large loop. Multichannel profile of the 
principal section can be got firstly, as below:   
 
Fig.6  Attenuation voltage multichannel profile of the principal section vertical component  
 
The attenuation voltage attenuates gradually from central field to both edges which can be seen from 
Fig.6. The peak value presents at the central point of the principal section which indicates that a geologic 
body with relatively low resistance exists under the central ground of the observation section. 
According to the apparent resistivity definition, the apparent resistivity profiles of the vertical 
component and horizontal component can be obtained. 
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The horizontal axis of fig.7 indicates the position of the 21 observation points. The vertical axis 
indicates the 20 time channel. From Fig.7 which can be seen that the background value of the apparent 
resistivity around the sectional region is about 75ȍ.m. It is the same with the value set above. A geologic 
body with relatively low resistance exists in the upper central region of the section profile. It can be seen 
that the apparent resistivity of early channels is relatively low, and the corresponding part is the 3D cube 
model with low resistivity, which reflects the existence of the low resistance. 
The distribution of the abnormal body with low apparent resistivity is much the same in Fig.7 and Fig.8. 
The difference is that the abnormal body with low apparent resistivity in Fig.8 has stronger reaction 
within the scope of about 50m in the central section, and the apparent resistivity is lower (9ȍ.m̚17ȍ.m). 
It can be conclude that the horizontal resolution ability of horizontal component is better than the vertical 
component. 
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Fig.7  The apparent resistivity profilest             Fig.8  The apparent resistivity profiles of the  
of the vertical componen                              horizontal component 
The horizontal and vertical resolution ability can be improved by combining and comparing the 
apparent resistivity profiles of the horizontal component and vertical component. 
In addition, four observation lines are set on the both sides of the principal section for forward 
modeling calculation. The abnormal body reflected by each observation line is the same with the principal 
section. The 3D chart can be composed by the data of 9 observation lines which have 189 points totally. 
             
Point 
Fig.9 3D apparent resistivity chart of single abnormal body    Fig.10 3D apparent resistivity slice chart of single abnormal body 
From the above two figures, the distribution of single abnormal body can be clearly obtained, therefore 
the space location and the size of the abnormal body can be precisely determined. 
 
3.2  Two abnormal bodies model 
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The array field distribution will be adopted for two abnormal bodies. There are two 3D cube model in 
homogenous half space. The resistivity of the homogenous half space is ȡ=75ȍ.m. The two abnormal 
bodies are cube with dimension of 50m×50m×50m, its resistivity is ȡ = 1ȍ.m . The top of the cube is 30m 
below the ground, and the distance between the two cubes is 40m. The model scheme shows below: 
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Fig.11   Model scheme of two 3D cube       Fig.12  The apparent resistivity profiles of the vertical  
 component of two 3D model array fields     
Through forward modeling calculation, the attenuation voltage of the magnetic vertical component and 
horizontal component of each observation point can be obtained. According to the apparent resistivity 
definition, the apparent resistivity profiles of each point can be obtained and shown in the charts below˖ 
It can be seen from Fig.12 that the location with relatively low resistivity exist at Point 0 and Point 100, 
which indicates that two geologic bodies with relatively low resistance exist under the corresponding 
ground. The two abnormal bodies with low apparent resistivity are relatively apparent in the early 
channels, the apparent resistivity is 43ȍ.m̚57ȍ.m. While in the late channels the two abnormal bodies 
have little effect, and the apparent resistivity is basically the background value.    
In addition, 20 observation lines are set on the both sides of the principal section for forward modeling 
calculation. The 3D chart can be composed by the data of 41 observation lines which have 1681 points 
totally. 
 
Fig.13 3-D apparent resistivity chart of two abnormal bodies 
 
                  
Fig.14 3D apparent resistivity slice chart of two abnormal bodies 
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4. Conclusion 
According to the feature that the function form of vertical component and horizontal component is 
similar, the vertical and horizontal response of different offset can be obtained through a series of 
numerical calculation. At the same time the apparent resistivity expression of each component can be got. 
Theoretical model calculation proved that the method is correct and effective. The resolution ability can 
be improved greatly by combining the horizontal component and vertical component. 
Array type observation and vector synthesis, also is a new attempt. Theoretical calculation shows that 
these methods have the very good auxiliary function to improve the precision of the transient 
electromagnetic explanation, and have certain directive significance to further research of high resolution 
explain technology. 
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